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7KH DSSOLFDWLRQ RI WKLQZDOOHG DOXPLQLXP SURILOHV
JHQHUDWHV VHYHUDO SRWHQWLDOV IRU RSWLPLVDWLRQ IRU
H[DPSOH LQ WHUPV RI ZHLJKW VDYLQJ 7KHVH SURILOHV DUH
XVHG HVSHFLDOO\ LQ WKH DXWRPRWLYH LQGXVWU\ EHFDXVH RI
WKHLU VSHFLILF PDWHULDO FKDUDFWHULVWLFV VXFK DV ORZ
GHQVLW\DQGFRUURVLRQUHVLVWDQFH,QDGGLWLRQDOXPLQLXP
DOOR\VKDYHDKLJKIRUPDELOLW\>@%XW WKH\DOVRKDYH
VRPH GLVDGYDQWDJHV FRPSDUHG WR VWHHO DOOR\V 7KH
VWUHQJWKRIDOXPLQLXPLVSDUWLDOO\ORZLQFRQWUDVWWRPRVW
RI WKH VWHHO DOOR\V ZKLFK OHDGV WR LVVXHV FRQVWUXFWLQJ
VHFXULW\UHOHYDQW SDUWV >@ 7R LPSURYH WKH PDWHULDO
VSHFLILF FKDUDFWHULVWLFV LW LV SRVVLEOH WR UHLQIRUFH WKH
DOXPLQLXPDOOR\VZLWKVWHHOHOHPHQWV8VLQJUHLQIRUFLQJ
HOHPHQWVLWLVSRVVLEOHWRLQFUHDVHWKHWHQVLOHVWUHQJWKWKH
WHQVLOH \LHOG OLPLW WKH ULJLGLW\ DV ZHOO DV WKH IDWLJXH
VWUHQJWKRIWKHSURILOHV%HFDXVHRIWKHKLJKIRUPDELOLW\
RIDOXPLQLXPWKHSURFHVVRIH[WUXVLRQFDQEHDSSOLHGWR
SURGXFH FRPSRVLWH SURILOHV $QRWKHU SRVVLELOLW\ LQ WKLV
FRQWH[W LV WKH HPEHGGLQJ RI IXQFWLRQDO HOHPHQWV LQ
SDUWLFXODUFRQGXFWLYHSDWKV
7RFUHDWHMRLQLQJSRLQWVWKHFRPSRVLWHPDWHULDOVKDYH
WR EH PDFKLQHG 8VLQJ UHLQIRUFLQJ RU IXQFWLRQDO
HOHPHQWVWKHPDFKLQLQJSURFHVVJHWVPRUHFRPSOLFDWHG
7KH GLIIHUHQW PDWHULDO FKDUDFWHULVWLFV OHDG WR SDUWLDOO\
RSSRVLQJUHTXLUHPHQWVUHJDUGLQJWKHFRQILJXUDWLRQRIWKH
WRROV RU WKH SURFHVV LWVHOI ,Q WHUPV RI WKH UHLQIRUFLQJ
VWHHO HOHPHQWV WKH KLJK VWUHQJWK RI WKHVH DOOR\V FDXVH
KLJKORDGVZKLFKFDQUHVXOWLQJUHDWHUZHDURUFRPSOHWH
WRRO IDLOXUHV ,Q FRQWUDVW WR WKLV DOXPLQLXP DOOR\V FDQ
FDXVH EXLOWXS HGJHV DQG WHQG WR JHQHUDWH DGKHVLRQ
SURFHVVHV ZKLFK FDQ ORFN WKH FKLS IOXWHV RI WKH WRRO
>@ :KHQ PDFKLQLQJ SURILOHV ZLWK HPEHGGHG
FRQGXFWLYH SDWKV LW LV LPSRUWDQW QRW WR GDPDJH WKH
IXQFWLRQDO HOHPHQWV 7KH PDFKLQLQJ SURFHVV KDV WR EH
VWRSSHGLQWKHPRPHQWWKHWRROSHQHWUDWHVWKHIXQFWLRQDO
HOHPHQW VR WKDW LW LV H[SRVHG DQG IXQFWLRQDO %RWK
DSSOLFDWLRQV UHTXLUH DQ H[DFW GHWHFWLRQ RI PDWHULDO
WUDQVLWLRQV 2QH SRVVLELOLW\ WR DFKLHYH WKLV LV WKH
LQWHJUDWLRQ RI DQ DFRXVWLF HPLVVLRQ VHQVRU WHFKQRORJ\
$FRXVWLF HPLVVLRQ GHSLFWV VRXQG ZDYHV WKDW VSUHDG
ZLWKLQ D VROLGPDWHULDO IRU H[DPSOH EHFDXVH RI D ORDG
)LJXUH  D VKRZV WKH VFKHPDWLF VHWXS RI DQ DFRXVWLF
HPLVVLRQVHQVRU
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 3ODVWLFGHIRUPDWLRQ
 )ULFWLRQEHWZHHQFKLSDQGUDNHIDFH  
 &UDFNLQLWLDWLRQDQGH[WHQVLRQ
 )ULFWLRQEHWZHHQWRRODQGZRUNSLHFH
 &RQWDFWEHWZHHQFKLSDQGZRUNSLHFH 
 &KLSEUHDNLQJ
 )ULFWLRQEHWZHHQFKLSDQGUDNHIDFH
)LJ  D 6FKHPDWLF VHWXS RI DQ DFRXVWLF HPLVVLRQ VHQVRU >@
E6RXUFHVRIDFRXVWLFHPLVVLRQ>@
7KHUHDVRQIRUXVLQJDFRXVWLFHPLVVLRQWHFKQRORJ\LV
WKDWWKHSRVLWLRQRIWKHHPEHGGHGHOHPHQWVLVDVXEMHFWWR
SURFHVVUHODWHG IOXFWXDWLRQV >@ DQG WKHUHIRUH LW LV
UHFRPPHQGHGWRKDYHDIOH[LEOHGHWHFWLRQV\VWHP)LJXUH
EVKRZVSRVVLEOHVRXUFHVRIDFRXVWLFHPLVVLRQVLJQDOV
GXULQJ PDFKLQLQJ SURFHVVHV 7KH PDLQ SDUW RI WKH
DFRXVWLF HPLVVLRQ VLJQDO LV JHQHUDWHG ZLWKLQ WKH FKLS
EUHDNLQJ7KHRWKHUVRXUFHVDUHOHVVLPSRUWDQW>@
,QWKHSUHVHQWZRUNWKHIUHTXHQF\VSHFWUXPDVZHOODV
WKH URRW PHDQ VTXDUHYDOXH ZLOO EH GHSLFWHG IRU WKH
H[SHULPHQWV ,Q D ILUVW VWHS WKH V\VWHP UHVSRQVH RI
PDFKLQLQJ WKH PDWUL[ PDWHULDO ZLOO EH GHILQHG DV D
UHIHUHQFH$IWHUZDUGV WKH YDULDWLRQ RI WKH VLJQDOZKLOH
PDFKLQLQJ WKH FRQGXFWLYH SDWKV DV ZHOO DV WKH
UHLQIRUFLQJHOHPHQWVZLOOEHPHDVXUHG2QWKHEDVLVRI
WKHVH PHDVXUHPHQWV VXLWDEOH SDUDPHWHUV ZLOO EH
JHQHUDWHGLQWHUPVRIDUHOLDEOHDQGDXWRPDWDEOHSURFHVV
$QRWKHUDVSHFW WREHDQDO\VHG LV WKHSRVLWLRQLQJRI WKH
DFRXVWLFHPLVVLRQVHQVRU,WFDQEHIL[HGYLDDPDJQHWRU
DWKUHDGHGMRLQW$VDFRQFOXVLRQRIWKLVSDUWRIWKHVWXG\
SDUDPHWHUVDQGRWKHUSURFHVVFRQGLWLRQVZLOOEHDGYLVHG
WR GHWHFW IXQFWLRQDO HOHPHQWV DQG UHLQIRUFLQJ HOHPHQWV
YLDDQDFRXVWLFHPLVVLRQVHQVRUWHFKQRORJ\
7KHDLPZDVWRGHYHORSDQDXWRPDWHGPRGDOKDPPHU
LQ RUGHU WR FKDUDFWHULVH WKH G\QDPLF EHKDYLRU RI WRROV
DQGZRUNSLHFHVLQPLOOLQJPDFKLQHV
,QPLOOLQJPDFKLQHWRROYLEUDWLRQDQGZRUNSLHFHZDOO
YLEUDWLRQ SOD\V DQ LPSRUWDQW UROH FRQFHUQLQJ WKH
ZRUNSLHFH VXUIDFH TXDOLW\ DQG DOVR WKH WRRO GXUDELOLW\
7KHXQGHVLUDEOHPRWLRQVZKLFKDUHRIWHQUHIHUUHG WRDV
FKDWWHU FDQ UHVXOW LQ ZDY\ VXUIDFHV RQ WKH ZRUNSLHFH
LQDFFXUDWHGLPHQVLRQVDQGH[FHVVLYHWRROZHDU,QRUGHU
WRGHFUHDVHFKDWWHUDQGWRPDFKLQHWKHZRUNSLHFHLQWKH
VWDEOH ]RQH D PRGDO LPSDFW KDPPHU FDQ EH XVHG WR
GHWHFWWKHIUHTXHQFLHVWKDWDUHQHHGHGIRUWKHFDOFXODWLRQ
RI6WDELOLW\FKDUWV
7KHZD\RIKRZWRH[FLWHYLEUDWLRQVRIWKHPHDVXUHG
VWUXFWXUH LV JLYHQPRVWO\ E\ WKH DLP RI WKHPRGDO WHVW
SUHFLVLRQ UHTXLUHPHQWV DQG IUHTXHQF\ UDQJH LQ ZKLFK
WKH PRGDO SDUDPHWHUV DUH WR EH GHWHUPLQHG 7KHUH DUH
VHYHUDOZD\VKRZWRH[FLWHYLEUDWLRQRIDVWUXFWXUH7KH\
FDQEHGLYLGHGLQWRWZRPDMRUJURXSV
 ([FLWDWLRQ XVLQJ DQ DWWDFKHG H[FLWHU VKDNHU
7KHPRVWFRPPRQH[FLWDWLRQVRXUFHVLVHOHFWURPDJQHWLF
RIWHQFDOOHGHOHFWURG\QDPLFVKDNHU
 ,PSDFW ([FLWDWLRQ 7KH PRVW FRPPRQ PHWKRG
RI LPSDFW H[FLWDWLRQ LV XVLQJ DQ LPSDFW RU PRGDO
KDPPHU>@
1.1. ExcitationUsingAttachedShaker 
6KDNHU WHVWLQJ LV RIWHQ XVHG LQ PRUH FRPSOH[
VWUXFWXUHV DQG FRPSULVHG PDQ\ GLIIHUHQW H[FLWDWLRQ
WHFKQLTXHV 7KH H[FLWDWLRQ VLJQDOV DUH JHQHUDWHG E\ D
VLJQDO JHQHUDWRU DQG FDQ EH FKRVHQ IURP D YDULHW\ RI
GLIIHUHQW SRVVLELOLWLHV WRPDWFK WKH UHTXLUHPHQWV RI WKH
VWUXFWXUH XQGHU WHVW 0RUHRYHU XVLQJ D VKDNHU KLJKHU
IUHTXHQF\ UDQJHV FDQ EH DFKLHYHG $ PRGDO LPSDFW
KDPPHUKDVDQXSSHUIUHTXHQF\UDQJHRIDURXQGN+]
ZKLOH D SLH]RHOHFWULF VKDNHU FDQ RIIHU IUHTXHQFLHV DV
KLJKDVN+]>@



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$QWLGUXPPLQJ PDWHULDO3LH]RHOHFWULF HOHPHQW
0HPEUDQHDQGFRXSOH HOHPHQW
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5HLQIRUFLQJ HOHPHQW
0DWUL[
PDWHULDO
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&RQGXFWLYH SDWK
0DWUL[PDWHULDO
1.2. ImpactExcitationUsingImpactHammer 
7KH PRVW FRPPRQ XVHG PHWKRG RI WUDQVLHQW
H[FLWDWLRQ IRU PRGDO WHVWLQJ LV WKH LPSDFW KDPPHU
,GHDOO\WKHLPSDFWRIDKDPPHUDFWVDVDQLPSXOVHZKLFK
H[FLWHV DOO WKH IUHTXHQFLHV LQ WKH IUHTXHQF\ GRPDLQ
LPSXOVH LQ WLPHGRPDLQ LVFRQVWDQWYDOXH LQ IUHTXHQF\
GRPDLQ >@ ,Q RUGHU WR DFKLHYH DQ LGHDO LPSXOVH WKH
PDJQLWXGHRI WKH LPSXOVHKDV WREH LQILQLWHO\ ODUJHDQG
WKH GXUDWLRQ RI WKH LPSXOVH KDV WR EH LQILQLWHVLPDOO\
VPDOO+RZHYHU WKLV LVQRW UHDOLVWLFDOO\SRVVLEOHDQGDQ
DSSUR[LPDWLRQWRWKLVLGHDOLPSXOVHFDQRQO\EHDFKLHYHG
ZLWK D PRGDO LPSDFW KDPPHU 7KH DLP RI LPSDFW
H[FLWDWLRQLVWRKDYHDQLQSXWZLWKDYHU\VKRUWGXUDWLRQ
LQ RUGHU WR DFKLHYH DSSUR[LPDWHO\ FRQVWDQW H[FLWDWLRQ
HQHUJ\LQWKHIUHTXHQF\UDQJHRILQWHUHVW
([SHULPHQWDOVHWXS
$V VWDWHG DERYH DQ DOXPLQLXP DOOR\ $:
SURYLGHG DV WKH PDWUL[ PDWHULDO IRU WKH H[SHULPHQWV
ZKLOH UHLQIRUFLQJ HOHPHQWV PDGH RI VWHHO  DQG
IXQFWLRQDO HOHPHQWV LQ IRUP RI FRQGXFWLYH SDWKV DUH
HPEHGGHG7ZR W\SHVRIZRUNSLHFHVKDYHEHHQXVHG WR
FRQGXFW WKH H[SHULPHQWV ,Q RUGHU WR GHWHFW WKH
UHLQIRUFLQJ VWHHO HOHPHQWV IODW SURILOHV ZLWK D ZDOO
WKLFNQHVVRIW: PPZHUHXVHG7KHGLDPHWHURIWKH
UHLQIRUFLQJHOHPHQWVHQODUJHVWRG PP7KHSURILOHV
ZLWKWKHHPEHGGHGFRQGXFWLYHSDWKVZHUHFRQGXFWHGDV
=SURILOHV ZLWK D ZDOO WKLFNQHVV RI W: PP $V DQ
LVRODWLRQ WKH FRQGXFWLYH SDWKV ZHUH FRDWHG )LJXUH 
VKRZVWKHVFKHPDWLFFURVVVHFWLRQRIWKHSURILOHV
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)LJ6FKHPDWLFFURVVVHFWLRQRIWKHSURILOHV
,Q RUGHU WR DQDO\VH WKH DFRXVWLF HPLVVLRQ VLJQDOV D
UHDOWLPHFDSDEOHV\VWHP2SWLPL]HU'±4DVV*PE+
ZDV XVHG $OO H[SHULPHQWV ZHUH FRQGXFWHG RQ D &1&
PDFKLQLQJFHQWUHRIWKHW\SH*URE%=&6$VIDUDV
WKLV ZRUN LV FRQFHUQHG WKH SURFHVV RI FLUFXODU PLOOLQJ
ZLWK VLQJOHWRRWK WRROV ZDV FKRVHQ 'LIIHUHQW FXWWLQJ
VSHHGV YF «PPLQ GLIIHUHQW IHHG UDWHV
I «PP DQG YDULRXV GHSWKV RI FXW
DS «PPZHUHDQDO\VHG LQFDVHRIFKDQJHVRI
WKH DFRXVWLF HPLVVLRQ VLJQDO $V IDU DV WKLV ZRUN LV
FRQFHUQHG RQO\ UHSUHVHQWDEOH FRPELQDWLRQV DUH
GHVFULEHG
)RU WKHGHYHORSPHQWRI WKHDXWRPDWHGPRGDO LPSDFW
KDPPHU ILUVWO\ RQH JHQHUDO SXUSRVH KDPPHU ZDV
GHVLJQHG )LJXUH  VKRZV WKH GHVLJQ RI WKH JHQHUDO
SXUSRVH DXWRPDWHG LPSDFW KDPPHU 7KLV JHQHUDO
SXUSRVHDXWRPDWHGLPSDFWKDPPHUFDQEHXVHGIRUZLGH
UDQJHRIPRGDOWHVWLQJRIGLIIHUHQWZRUNSLHFHVRUWRRORI
GLIIHUHQWPDFKLQHWRROV$VLWFDQEHVHHQIURP)LJXUH
WKHUH DUH IRXU PDLQ JURXSV RI HOHPHQWV PDLQ ERG\
GULYHU FDP KDPPHU DQG VWRSSHU LQ WKH GHVLJQ RI WKH
DXWRPDWHGLPSDFWKDPPHU
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)LJ'HVLJQRIWKHJHQHUDOSXUSRVHRIWKHDXWRPDWHGLPSDFWKDPPHU
7KHPDJQLWXGHRI WKH LPSDFW LVEDVLFDOO\GHWHUPLQHG
E\ WKHPDVVRI WKHKDPPHUKHDG DQG LWV YHORFLW\ZKHQ
KLWWLQJWKHVWUXFWXUH7KLVLVGXHWRWKHFRQFHSWRIOLQHDU
PRPHQWXP ZKLFK LV GHILQHG DV PDVV WLPH¶V YHORFLW\
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7KHOLQHDULPSXOVHLVHTXDOWRWKHLQFUHPHQWDOFKDQJHLQ
WKHOLQHDUPRPHQWXP
'XH WR WKH GHILQHG VKDSH RI WKH FDP DQG WKH
IROORZHU WKH KDPPHU KHDG ZLOO UHDFK QHDUO\ WKH VDPH
KHLJKW LQ HYHU\ F\FOH WKHUHIRUH WKH YHORFLW\ RI WKH
LPSDFW ZLOO EH WKH VDPH IRU HDFK KLW 0DVV RI WKH
KDPPHU FDQ FKDQJH YLD FKDQJLQJ WKH KDPPHU KHDG RU
PRXQWLQJ DQ H[WUD PDVV WR WKH KDPPHU KRXVLQJ
7KHUHIRUHLQWKHFDVHRIDXWRPDWHGLPSDFWKDPPHUWKH
PDJQLWXGHRIWKHLPSDFWZLOOEHVDPHLQHYHU\VLQJOHKLW
+RZHYHU LQ WKH FDVH RI PDQXDO LPSDFW KDPPHU WKH
RSHUDWRU FRQWUROV WKH YHORFLW\ VR WKH PDJQLWXGH RI WKH
LPSDFWZLOOFKDQJHIURPPHDVXUHPHQWWRPHDVXUHPHQW
0RUHRYHUIRUFHDGMXVWPHQWFDQEHPDGHE\FKDQJLQJ
WKHDQJOHEHWZHHQWKHMRLQWVLQGULYHUFDPJURXS













)LJ:RUNLQJSULQFLSOHRIWKHVWRSSHU

$ VSHFLDO DWWHQWLRQ PXVW EH JLYHQ WR WKH GLVWDQFH
EHWZHHQWKHKDPPHUWLSDQGWKHWDUJHWVWUXFWXUHSRLQW
LQ)LJXUHEHIRUH WKHPHDVXUHPHQWV,I WKHGLVWDQFH LV
WRRELJ DQ\ LQSXW H[FLWDWLRQ FDQQRW EH REWDLQHG ,I WKH
GLVWDQFH LV WRR VKRUW LW PD\ FDXVH GRXEOH KLWV ,Q
DGGLWLRQ WKH PDJQLWXGH RI WKH LQSXW IRUFH FDQ EH
DGMXVWHGYLDFKDQJLQJWKLVGLVWDQFH
5HVXOWV
,QRUGHUWRDQDO\VHWKHDFRXVWLFHPLVVLRQVLJQDOV WKH
URRWPHDQVTXDUHYDOXHZDVPHDVXUHG7KLVYDOXHFDQEH
GLVSOD\HG LQ WKH WLPH UDQJH $QRWKHU FDOFXODWHG YDOXH
ZDV WKH IUHTXHQF\ 9LD D )DVW )RXULHU 7UDQVIRUPDWLRQ
))7LWLVSRVVLEOHWRFRQYHUWWKHPHDVXUHGVLJQDOVLQWR
WKH RFFXUUHQW IUHTXHQF\ VSHFWUXP )RU DQ DXWRPDWDEOH
GHWHFWLRQ RI WKH UHLQIRUFLQJ RU IXQFWLRQDO HOHPHQWV WKH
2SWLPL]HU ' LV DEOH WR PRQLWRU D VSHFLILF IUHTXHQF\
UDQJHDQGWKHQLQWHUDFWZLWKWKHPDFKLQHFRQWUROWRVWRS
WKH SURFHVV ZKHQ LW GHWHFWV HQHUJ\ YDOXHV ZKLFK DUH
GLIIHUHQWIURPPDFKLQLQJWKHPDWUL[PDWHULDO
$W ILUVW WKH LQIOXHQFH RI WKH GLVWDQFH EHWZHHQ WKH
DFRXVWLF HPLVVLRQ VHQVRU DQG WKH PDFKLQLQJ SRLQW ZDV
LQYHVWLJDWHG ,W ZDV YLVLEOH WKDW WKH GLVWDQFH KDG QR
VLJQLILFDQW HIIHFW RQ WKH VLJQDOEHFDXVH WKHGLPHQVLRQV
RI WKH SURILOHV ZHUH VPDOO HQRXJK WR JHQHUDWH VWDEOH
SURFHVVFRQGLWLRQV$IWHU WKDW LWZDVSRVVLEOH WRDQDO\VH
WKH URRW PHDQ VTXDUH YDOXH DV ZHOO DV WKH IUHTXHQF\
ZKLOH PDFKLQLQJ WKH FRPSRVLWH PDWHULDOV )LJXUH 
VKRZVWKHPHDVXUHGGDWDPLOOLQJWKHDOXPLQLXPZLWKDQ
HPEHGGHGUHLQIRUFLQJHOHPHQW

)LJ)UHTXHQF\DQGURRWPHDQVTXDUHYDOXHPDFKLQLQJDOXPLQLXP
ZLWKDQHPEHGGHGUHLQIRUFLQJHOHPHQW

)RU DOO H[SHULPHQWV VLQJOHWRRWK WRROV ZLWK D
GLDPHWHURIG PPZHUHXVHG7KHERUHGLDPHWHUZDV
HQODUJHG WR' PP ,W LV YLVLEOH WKDW WKH URRWPHDQ
VTXDUHYDOXHDVZHOODV WKHIUHTXHQF\JURZVHYHU\WLPH
WKHWRROSHQHWUDWHVWKHUHLQIRUFLQJHOHPHQW7KLVHIIHFWLV
EDVHG RQ WKH KLJKHU VWUHQJWK RI WKH VWHHO HOHPHQWV
FRPSDUHGWRWKHDOXPLQLXPPDWUL[PDWHULDO%HFDXVHRI
WKHKHOLFDOSDWKFDXVHGE\WKHSURFHVVRIFLUFXODUPLOOLQJ
ILYHSHDNVDUHQRWLFHDEOH
$VLPLODUHIIHFWFDQEHVHHQZKHQPDFKLQLQJSURILOHV
ZLWK HPEHGGHG FRQGXFWLYH SDWKV )LJXUH  VKRZV WKH
IUHTXHQF\DQGWKHURRWPHDQVTXDUHYDOXHFRQGXFWLQJD
UHSUHVHQWDEOHH[SHULPHQW
6LPLODU WR WKHPDFKLQLQJ RI WKH DOXPLQLXPZLWK WKH
UHLQIRUFLQJ HOHPHQW LW LV QRWLFHDEOH WKDW WKH URRWPHDQ
VTXDUH YDOXH DV ZHOO DV WKH IUHTXHQF\ LV VWDEOH ZKHQ
PDFKLQLQJ DOXPLQLXP$W WKH SRLQW WKH WRRO SHQHWUDWHV
WKH LVRODWLRQ RI WKH FRQGXFWLYH SDWK D GURS RI WKH URRW
PHDQ VTXDUH YDOXH FDQ EH GHWHFWHG ,Q WKHPRPHQW WKH
PDFKLQLQJ RI WKH FRQGXFWLYH SDWK VWDUWV WKH URRWPHDQ
VTXDUHYDOXHDVZHOODVWKHIUHTXHQF\LQFUHDVHV
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
)LJ)UHTXHQF\DQGURRWPHDQVTXDUHYDOXHPDFKLQLQJDOXPLQLXP
ZLWKDQHPEHGGHGFRQGXFWLYHSDWK

%DVHGRQWKHVHLQYHVWLJDWLRQVLWZDVSRVVLEOHWRGHWHFW
UHLQIRUFLQJ DQG IXQFWLRQDO HOHPHQWV DQG VWRS WKH
PDFKLQLQJEHIRUHGDPDJLQJWKHHOHPHQW7KHDLPZDVWR
ILQG VXLWDEOH PDFKLQLQJ SDUDPHWHUV DV ZHOO DV HQHUJ\
OHYHOVWRH[SRVHWKHHOHPHQWVDJDLQVWWKHPDWUL[PDWHULDO
7KH HQHUJ\ OHYHOVZHUH FDOFXODWHG RQ EDVLV RI WKH URRW
PHDQ VTXDUH YDOXH 7KH DFRXVWLF HPLVVLRQ VHQVRU
WHFKQRORJ\ VKRXOG WULJJHU LI D FHUWDLQ YDOXH KDV EHHQ
UHDFKHG7KHUHIRUHDVLQJOHIUHTXHQF\UDQJHLVDQDO\VHG
LQ UHDOWLPH )LJXUH  VKRZV VRPH UHVXOWV RI WKHVH
H[SHULPHQWV GXH WR WKH GHWHFWLRQ RI UHLQIRUFLQJ DQG
IXQFWLRQDOHOHPHQWV

)LJ5HSUHVHQWDEOHUHVXOWVRIWKHGHWHFWLRQDQGH[SRVLQJRI
UHLQIRUFLQJDQGIXQFWLRQDOHOHPHQWV

7KH HQHUJ\ OHYHOV DUH VRUWHG DV IROORZLQJ (QHUJ\
OHYHO  GHVFULEHV RI WKH UHIHUHQFH HQHUJ\ OHYHO 
VWDQGV IRU   RI WKH UHIHUHQFH HQHUJ\ DQG HQHUJ\
OHYHOGHSLFWVRIWKHUHIHUHQFHHQHUJ\OHYHO$VLW
LVQRWLFHDEOHWKHVHQVRUWULJJHUVWRRODWHLIHQHUJ\OHYHO
LV DGMXVWHG 3DUWV RI WKH UHLQIRUFLQJ DV ZHOO DV WKH
IXQFWLRQDO HOHPHQW DUH GDPDJHG (QHUJ\ OHYHO 
JHQHUDWHVJRRGUHVXOWVLQFDVHRIH[SRVLQJWKHHOHPHQWV
$WHQHUJ\OHYHOWKHVHQVRUWULJJHUVWRRHDUO\-XVWVPDOO
SDUWV RU HYHQQRWKLQJRI WKH HOHPHQW LV H[SRVHG7KHVH
UHVXOWV DUH UHSUHVHQWDEOH IRU PRVW H[SHULPHQWV 6LPLODU
UHVXOWVFRXOGEHVHHQXVLQJGLIIHUHQWFXWWLQJGDWD,WZDV
YLVLEOHWKDWWKHHQHUJ\OHYHOKDGWKHODUJHVWLQIOXHQFHRQ
WKHUHVXOW
&RQGXFWLQJ WKH SUHVHQWHG H[SHULPHQWV LW ZDV
QHFHVVDU\ WR IL[ WKH VHQVRU ZLWK D WKUHDGHG MRLQW ,Q
IXUWKHUH[SHULPHQWV WZRGLIIHUHQWSRVVLELOLWLHV WR IL[ WKH
VHQVRUZHUHLQYHVWLJDWHG$WILUVWWKHVHQVRUZDVIL[HGE\
DPDJQHW7KLV DOWHUQDWLYHZDVQRWRSHUDEOHEHFDXVHRI
GDPSLQJ HIIHFWV 7KH PDFKLQLQJ RI WKH UHLQIRUFLQJ RU
IXQFWLRQDOHOHPHQWVJHQHUDWHGQRVLJQLILFDQWSHDNVLQWKH
UHTXLUHG HQHUJ\ VR WKDW D GHWHFWLRQ ZDV LPSRVVLEOH
$QRWKHU HIILFLHQW DOWHUQDWLYH WR WKH GLUHFW PRXQWLQJ RI
WKH VHQVRU ZDV WKH XVH RI DQ DOXPLQLXP VXSSRUW SODWH
7KHGHWHFWLRQZDVVWLOOSRVVLEOHDQGWKHUHZDVQRQHHGWR
IL[WKHVHQVRUDWWKHZRUNSLHFH
7KH PDLQ REMHFWLYH IRU WKH GHYHORSPHQW RI WKH
DXWRPDWHG PRGDO LPSDFW KDPPHU ZDV WR HOLPLQDWH
GRXEOHKLWV LQ WKHPHDVXUHPHQWV)LJXUHVKRZVVLQJOH
KLWVREWDLQHGIURPWKHPHDVXUHPHQWV

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
)LJ6LQJOHKLWVREWDLQHGIURPWKHPHDVXUHPHQWVZLWKDGHTXDWH
GLVWDQFH

$QRWKHU REMHFWLYH RI WKH DXWRPDWHG PRGDO LPSDFW
KDPPHUZDVWRKDYHDUHSHDWDEOHSURFHVV'XHWRVWURQJ
VWUXFWXUH RI WKH DXWRPDWHG PRGDO LPSDFW KDPPHU DQG
SUHGHILQHG SHQGXOXP PRWLRQ RI WKH KDPPHU KHDG WKH
ORFDWLRQRIWKHH[FLWDWLRQSRLQWZLOOEHWKHVDPHLQHYHU\
PHDVXUHPHQW)LJXUH VKRZV UHSHDWDELOLW\RI WKH IRUFH
PDJQLWXGHREWDLQHGIURPIRXUGLIIHUHQWPHDVXUHPHQWV
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
)RUFH DGMXVWPHQW FDQ EH GRQH E\ FKDQJLQJ WKH
GLPHQVLRQ RI WKH FDP IROORZHU FKDQJLQJ WKH DQJOH
EHWZHHQ WKH MRLQWV LQGULYHUFDPJURXSRUFKDQJLQJ WKH
GLVWDQFH EHWZHHQ WKH KDPPHU KHDG DQG WKH WDUJHW
VWUXFWXUH7KH LPSRUWDQW WKLQJ LQ IRUFH DGMXVWPHQW LV WR
PDLQWDLQ WKH UHSHDWDELOLW\ RI WKH IRUFH GXULQJ WKH IRUFH
DGMXVWPHQW )RUFH DGMXVWPHQW DQG UHSHDWDELOLW\ RI WKH
DGMXVWHG IRUFH JDLQHG IURP GLIIHUHQWPHDVXUHPHQWV FDQ
EHVHHQLQ)LJXUH











)LJ)RUFHDGMXVWPHQWDQGUHSHDWDELOLW\RIWKHDGMXVWHGIRUFH

$V LW FDQ EH VHHQ IURP WKH ILJXUH GLIIHUHQW IRUFH
PDJQLWXGHV IRU GLIIHUHQW VWUXFWXUHV FDQ EH REWDLQHG
+RZHYHU DGMXVWPHQW RI WKH IRUFH LV QRW HDV\ DQG LW
UHTXLUHVVRPHWULDODQGHUURUVWRWKHSHUIHFWDGMXVWPHQW
$V LV SODLQO\ HYLGHQW IURP WKH UHVXOWV RI WKH
H[SHULPHQWV DXWRPDWHG PRGDO LPSDFW KDPPHU L
LQFUHDVH UHSHDWDELOLW\ RI WKHSURFHVVZKLOH UHGXFLQJ WKH
WLPH DQGPDQXDO HIIRUW LL SURYLGH VLQJOH KLW LQ HYHU\
WULDO LLL SURYLGH DGMXVWDEOH IRUFH LY SURYLGH DQ
RSHUDWRULQGHSHQGHQWSURFHVV7KHUHIRUHWKHGDWDJDLQHG
IURP WKH DXWRPDWHG PRGDO LPSDFW KDPPHU IRU WKH
VLPXODWLRQ LVPRUH UHOLDEOH WKDQ WKHGDWDREWDLQHG IURP
PDQXDOPRGDOLPSDFWWHVWLQJ,QRUGHUWRVHHWKHTXDOLW\
GLIIHUHQFH EHWZHHQ PDQXDO PRGDO LPSDFW KDPPHU DQG
DXWRPDWHGPRGDOLPSDFWKDPPHUPHDVXUHPHQWVPLOOLQJ
PDFKLQH VHWXSZLWK XQXVXDO ORQJ WRRO LV XVHG7HQKLWV
ZHUH PDGH RQ WKH VWUXFWXUH ZLWK ERWK KDPPHUV DQG
38/6(5HIOH[0RGDO$QDO\VLVVRIWZDUHLVXVHG)LUVWO\
PHDVXUHG LQSXW DQG RXWSXW VLJQDOV DUH XVHG WR REWDLQ
))7V7KHQ))7VRIWKHGDWDZHUHDYHUDJHGDQGILQDOO\
DYHUDJHGGDWDZHUHXVHGWRFRPSXWHUHTXLUHGIUHTXHQF\
UHVSRQVHIXQFWLRQV0DQXDOKDPPHUPHDVXUHPHQWVZHUH
PDGHZLWKDYHU\H[SHULHQFHGRSHUDWRU
&RQFOXVLRQ
7KH H[SHULPHQWV KDYH VKRZQ WKDW LW LV SRVVLEOH WR
GHWHFW UHLQIRUFLQJ DQG IXQFWLRQDO HOHPHQWV LQ DQ
DOXPLQLXP PDWUL[ E\ DQ DFRXVWLF HPLVVLRQ VHQVRU
WHFKQRORJ\ )XUWKHUPRUH LW ZDV SRVVLEOH WR H[SRVH WKH
HOHPHQWV DJDLQVW WKHPDWUL[PDWHULDO EXW EHIRUH LW ZDV
QHFHVVDU\ WR JHW WKH UHIHUHQFH HQHUJLHV $ VXIILFLHQW
DPRXQW RI H[SHULPHQWV GHSHQGHQW RQ WKH VHWXS LV
HVVHQWLDO WR JHQHUDWH VWDEOH DQG ZRUNLQJ SURFHVV
FRQGLWLRQV
7KH UHVXOWV IURP SUHOLPLQDU\ WHVWLQJ RI WKH DXWRPDWHG
PRGDO LPSDFW KDPPHU DUH SURYLQJ WKDW WKH GHYLFH FDQ
SURYLGHDVDWLVIDFWRU\DOWHUQDWLYHH[FLWDWLRQPHWKRGRORJ\
IRU WKH PDFKLQHG ZRUNSLHFH DQG WKH PLOOLQJ PDFKLQH
$OO WKH REMHFWLYHV PHQWLRQHG DERYH DUH FRPSOHWHO\
IXOILOOHGE\WKHGHYLFH+RZHYHULWVKRXOGEHQRWHGWKDW
WKHGHYLFHZDVGHVLJQHGWRLPSDUWUHODWLYHO\ORZLPSDFW
HQHUJ\ DQG LV WKHUHIRUH RQO\ VXLWDEOH IRU DSSOLFDWLRQ WR
VPDOO VWUXFWXUHV 7KH PD[LPXP IRUFH WKDW FDQ EH
SHUIRUPHGE\ WKHGHYLFH LV OLPLWHG7KHUHIRUH LW FDQQRW
EH XVHG ZKHQ WKH VWUXFWXUHV UHTXLUH ODUJHU IRUFH
PDJQLWXGH0RUHRYHULWKDVVRPHGLVDGYDQWDJHVUHODWHG
WRFRPSDFWQHVVRIWKHGHVLJQDQGLWFDQRQO\EHXVHGLQ
YHUWLFDO GLUHFWLRQ $ UHGHVLJQ RI WKH GHYLFH ZRXOG EH
UHTXLUHG IRU WKH XVH LQ YHUWLFDO GLUHFWLRQ DQG WR LQGXFH
WKH HQHUJ\ OHYHOV DSSURSULDWH IRU ODUJH VFDOH VWUXFWXUDO
H[FLWDWLRQ
$FNQRZOHGJHPHQWV
7KLV SDSHU LV EDVHG RQ LQYHVWLJDWLRQV RI WKH
7UDQVUHJLRQDO&ROODERUDWLYH&HQWHU6)%75ZKLFKLV
NLQGO\ VXSSRUWHG E\ WKH *HUPDQ 5HVHDUFK )RXQGDWLRQ
')*
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$QZHQGXQJVWHFKQRORJLH$OXPLQLXP$XIODJH
6SULQJHU%HUOLQ+HLGHOEHUJ
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